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Abstract 
The manuscript presents changes of geometrical product specification (GPS) in different materials that were subjected to 
point and linear interactions of laser flux and to helium and argon plasma beams generated in electric arc. The growth of 
laser flux energy density leads from surface heating to evaporating and material sublimation, and causes increase of surface 
roughness with cracks. The growth of electric arc energy causes increase of crater diameter of partial meltings and increase 
of surface roughness of partially melted materials. 
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1. Introduction 
 
Interference of geometrical product specification (GPS) 
in materials might be caused by mechanical and energy 
factors. Mechanical interference of GPS are related to de-
viations of cutting tool point, vibrations appearing during 
machining processes and build-ups, burrs, hydrodynamic 
effects and flow effects within machining area [1]. Energy 
interference of GPS is caused by interactions of different 
energy fluxes that are provided from the outside to the 
surfacing material. 
The laser flux machining, the treatment with plasma 
beam generated in electric arc and the electromachining are 
the processes of material surfacing which demand continu-
ous energy provision from the outer [2-5]. 
The aim of this manuscript is to present energy interfer-
ence of GPS of different materials which were caused by 
interactions of laser flux of different energy density and of 
argon and helium plasma beam of electric arc. 
 
2. Material and methodology of studies 
 
The GPS changes, caused by interactions of impulse la-
ser flux with power from 30 W to 10 GW and of plasma 
beam of electric arc with current intensity from I = 100 A 
to 300 A, were analyzed with a tool Talyscan 150 of Taylor 
– Hobson company, supplied with a Mountains Map Uni-
versal software. Silicon plates and samples made of 41Cr4 
(40H) steel were subjected to laser surfacing. Plate castings 
made of cobalt alloy MAR-M509 were subjected to the 
treatment with helium and argon plasma beam. 
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Effect schemes of impulse laser flux interaction on the 
surface of plates made of 41Cr4 steel are shown in the 
figure 1. Table 1 lists parameters, interaction effects and 
possibilities of practical application of impulse laser with 
different power. 
The example surface topographies of 41Cr4 steel that 
were subjected to point laser machining are shown in figure 
2. 
The microstructure of silicon was modified in the range 
of interatomic distances (10
-8 - 10
-7 mm) because of laser 
flux interaction on the silicon plate surface of energy den-
sity 5-6 daJ/cm
2. The energy density of 7-11 daJ/cm
2 range 
causes local partial meltings of silicon plates of 1-2 µm 
depth. Larger energy densities 15-20 daJ/cm
2 lead to sili-
con rendering amorphous at 8-9 µm depth and to defect 
areas of 10
-3 - 10
-4 mm dimensions. The power density 
within 20-30 daJ/cm
2 range causes microstructural changes 
up to ca 20 µm depth, intensive silicon evaporation and 
craters of 10
-2 - 10
-3 mm depth. The power density of laser 
flux above 30 daJ/cm
2 causes intensive evaporation (subli-
mation) and cracking of silicon plates [2]. 
 
 
Fig. 1. Interaction effects of impulse laser flux on the steel surface 
(scheme) 
 
Table 1. Laser power, impulse time, interaction effect and practical application 
Laser power  30 W  1 kW  10 kW  1 MW  10 MW  10 GW 
Impulse action 
time, s  10
1 10
-3 10
-3  10
-3  10
-9 10
-10 
Interaction 
effect  Heating Melting  Melting + evapo-
rating  Evaporating  Evaporating 
and ionization  Sublimation 
Practical  
application 
Hardening, 
soldering 
Welding, coating 
spread 
Deep joint pene-
tration 
Obróbka otwo-
rów 
Hole treatment 
Cutting,  
engraving 
Changes of 
microstructure, 
working 
 
 
Fig, 2. Surface topographies of 41Cr4 steel after point interaction of laser flux with power 0.8 kW (a), 3.2 kW (b)  
The craters and cracks in the bottom of craters which 
were caused by interaction of argon plasma beam of elec-
tric arc on the coating surface made of cobalt alloy MAR-
M509, at current intensity from 100 A to 250 A, during 0.5 
s, are shown in figures 3-4.  
The influence of linear remelting parameters with elec-
tric arc plasma beam, of casting surface made of alloy 
MAR-M509 is shown in figure 5. 
 
ARCHIVES OF FOUNDRY ENGINEERING Volume 10, Special Issue 1/2010, 415-418  416  
Fig. 3. The craters of impulse partial meltings of coating surfaces 
made of alloy MAR-M509. Remelting conditions: argon, arc 
length 3 mm, interaction time 0.5 s, I = 100 A (a), I = 150 A (b),  
I = 200 A (c), I = 250 A (d). Magnification 32x.  
 
Fig. 4. The cracks in the bottom of crater. Impulse partial melting 
of casting surface made of alloy MAR-M509 with argon plasma 
beam of electric arc, impulse time 0.5 s, I = 350 A 
 
 
Fig. 5. Topography of remelting surface of casting surface made of alloy MAR-M509 (a), contour chart (b), influence of current intensity 
and velocity of electric arc displacement in the argon  or helium atmosphere at height of face inequality (c) 
 
4. Summary 
 
Undesirable effects, large interference of GPS, cracks 
and sublimation of treated material might arise from inter-
action of impulse laser flux on the surface of materials 
depending on density of supplied energy. Essential changes 
of geometrical arrangement proceed together with ampli-
tude changes of GPS. 4-fold increase of laser power leads 
to 2.5-fold growth of inequality height of surfaced steel   
(St = 53.8 µm to St = 137 µm) and energy interference of 
GPS (fig. 2).  
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chemical micromachining of ø 50 µm diameter holes.   
In case of energy excess, the surface is characterized by 
large roughness, valley edge is unclear and contour is inac-
curate [4]. 
Similarly, energy increase of plasma flux of electric arc, 
caused by increase of current intensity from I = 100 A to  
I = 250 A, during impulse pitting of casting surfaces made 
of alloy MAR-M509, leads to almost 3-fold dimension 
increase of partial melting craters (depth and diameter) and 
their larger distortion. The energy excess results in consid-
erable thermal gradients and stresses, which may cause 
cracks (fig. 4), in the crater bottom of partial meltings. 
During linear remelting of casting surfaces made of al-
loy MAR-M509, the biggest changes in welding puddle 
and interference GPS forming were observed when the 
value of current intensity was increased from I = 100 A  
to I = 300 A and during change of shielding – plasma-
creative gas from argon to helium. Good quality of partial 
melting face might be achieved with argon and lower val-
ues of current intensity up to ca 250 A. The current of 
higher intensity and helium used as shielding – plasma-
creative gas cause substantial interference of surface topog-
raphy and increase of inequity height up to St = 700 µm 
(fig. 5). 
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